This study focused on the analysis of land-use/land-cover changes and their impact on flood runoff, flood hazards and inundation, focusing in the Pampanga River basin of the Philippines. The land-cover maps for the years 1996 and 2016 were generated using Landsat images, and the land cover changes were analyzed using TerrSet Geospatial Monitoring and Modeling System (TGMMS). Based on an empirical approach and considering variable factors, the land-cover maps for the future were predicted using Land Change Modeler (LCM). After preparation of land-cover maps for past and future years, flood characteristics were analyzed using a distributed hydrological model named the rainfall runoff inundation (RRI) model with a land-cover map for different years. The impacts of land cover changes on flood runoff, flood volume and flood inundation were analyzed for 50-and 100-year floods. The results show that flood runoff, flood inundation volume and flood extent areas may increase in the future due to land-cover change in the basin.
Introduction
Many places in the world are hotspots of risk from extreme weather-related events; and disaster risk are likely to increase due to a combination of land-use/land-cover changes, population growth, climate change, and development activities [1] . Flood risk, climate change and social change have increasingly become a global concern, and also, vulnerabilities related to land use change and climate change have, potentially, a very strong effect on catchment hydrology, floods and damages. Based on previous literature, Blöschl et al. [2] hypothesized the impact of climate and land-use/land-cover changes on hydrological response as a function of catchment scale as shown in Figure 1 , which shows that sudden changes in the watershed response can occur due to land use/land cover change [3] . The impact of climate change on magnitude and frequency of floods has been widely investigated [4] [5] [6] . Similarly, numerous researches focused on study on the impacts of land cover changes on watershed hydrological response [3, [7] [8] [9] , however, only a few of them focused on analyzing the impact of land-cover change in river floods using distributed hydrological modeling [7] .
Since the changes in land use/land cover and their spatial distribution have significant impacts on river flow and flooding [7, 9] , land-cover change analysis and its impact on hydrological processes become the prominent research topics in recent years [8, 10] . To analyze such impacts of land-cover changes, it is essential to analyze dynamics of land cover changes, and it is also necessary to investigate hydrological impacts of land use changes using hydrological modeling [7] . The dynamics of land-cover change can be monitored and observed by using remotely sensed satellite-based data [9] , and land-cover maps can also be generated by using satellite data such as Landsat images [3, 9, 11, 12] and Moderate Resolution Imaging Spectroradiometer (MODIS) images [13, 14] . 
Study Area
The Pampanga River basin, which is located in the Region III (Central Luzon) of the Philippines, is the fourth largest basin in the Philippines. Figure 2 shows the location map, basin boundary and digital elevation model (DEM) with elevation ranges of the study site. The catchment area of the study site is approximately 10,645 km 2 (based on digital elevation model of study area) and the length of the main Pampanga River is about 260 km. About 95% basin area lies in Nueva Ecija, Tarlac, Pampanga, and Bulacan provinces of the Region III, while the remaining 5% area is part of the other seven provinces of the Region III such as Aurora, Zambales, Rizal, Quezon, Pangasinan, Bataan, and Nueva Vizcaya [15, 16] . The average annual precipitation in the basin is 2155 mm [17] . There are two multi-purpose dams in the basin such as the Pantabangan dam (storage capacity of 2966 million m 3 ) and Angat dam (storage capacity of 850 million m 3 ). There are also two swamp areas in the river basin such as Candaba (250 km 2 ) and San Antonio (120 km 2 ) [17] .
The population density in the study area in 2010 was 630 persons/km 2 and the annual average population growth rate from 1980 to 2010 was about 2.61%, [17] . The cropland areas are widely Quaternary 2019, 2, 27 3 of 18 spread over the central and downstream parts of the Pampanga River basin which are relatively flat and lowland areas, and built-up area is scattered in the basin [18] . However, the areas around three major cities such as San Fernando, Angeles and Cabanataun are continuously urbanized. This river basin is also regarded as one of the most important river basins in the Philippines since this basin makes an important contribution to the country's economy [19] . On the other hand, this river basin experiences at least one flood event a year on average, which causes severe damage to house buildings, infrastructure, and agriculture in the basin [16] . Figure 3 shows the number of houses damaged by floods and the estimated value of flood damage to agriculture and infrastructures, in the Region III of the Philippines where study area is located. The figure shows the flood damage to houses, agriculture and infrastructure has been increasing in recent years. Therefore, it is necessary to analyze impact of continuous urbanization and land cover changes in the basin on flood runoff and inundations for proper adaptation measures and planning of land use to reduce the damage in future.
Quaternary 2019, 2, x 3 of 18 and lowland areas, and built-up area is scattered in the basin [18] . However, the areas around three 81 major cities such as San Fernando, Angeles and Cabanataun are continuously urbanized. This river 82 basin is also regarded as one of the most important river basins in the Philippines since this basin 83 makes an important contribution to the country's economy [19] . On the other hand, this river basin 84 experiences at least one flood event a year on average, which causes severe damage to house 85 buildings, infrastructure, and agriculture in the basin [16] . Figure 3 shows the number of houses and lowland areas, and built-up area is scattered in the basin [18] . However, the areas around three 81 major cities such as San Fernando, Angeles and Cabanataun are continuously urbanized. This river 82 basin is also regarded as one of the most important river basins in the Philippines since this basin 83 makes an important contribution to the country's economy [19] . On the other hand, this river basin 84 experiences at least one flood event a year on average, which causes severe damage to house 85 buildings, infrastructure, and agriculture in the basin [16] . Figure 3 shows the number of houses Figure 4 shows the overview of the research method. The research method includes two parts: (1) land-cover change analysis and projection for future, and (2) flood runoff and inundation analysis. runoff, and flood inundation were analyzed for 50-and 100-year floods. The potential affected areas 113 caused by flood hazards were also analyzed with different years land cover data. For land-cover change analysis, Landsat images were used because of their rich archive and 119 spectral resolution [21] . In order to generate land-cover maps for past years, Landsat satellite images 120 of 30m spatial resolution were acquired from the EarthExplorer database of United States Geological
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Survey with less than 10% cloud cover searching criteria for land cloud cover and scene cloud cover. The land-cover maps for past years were generated using Landsat images based on supervised-maximum likelihood classification method and land cover changes in the past years were analyzed. The generated land-cover maps were validated by comparing these with Google Earth images. The land cover maps for the future were predicted using LCM based on the analysis of potential transition changes and considering various variables such as elevation, slope factors, aspect factors, distance from the city, distance from the major road, and distance from the river. Then, flood characteristics were analyzed using the RRI model developed by Sayama et al. [20] with land cover map for different years. The RRI model was calibrated and validated by comparing calculated flood discharge with observed discharge for past flood events, and calculated flood marks were also compared with recorded flood depth data. The impacts of land-cover changes on flood runoff, and flood inundation were analyzed for 50-and 100-year floods. The potential affected areas caused by flood hazards were also analyzed with different years land cover data. The details of methodology and data used are discussed below.
Land-Cover Change Analysis and Projection for Future
For land-cover change analysis, Landsat images were used because of their rich archive and spectral resolution [21] . In order to generate land-cover maps for past years, Landsat satellite images of 30m spatial resolution were acquired from the EarthExplorer database of United States Geological Survey with less than 10% cloud cover searching criteria for land cloud cover and scene cloud cover. Based on visual comparison of the images for cloud free or less cloud coverage images, Landsat 8 scenes acquired on 13 February 2016 for the year 2016 and Landsat 5 scenes acquired on 25 March 1996 for the year 1996 were selected for the land-cover classification in the study area. Pre-processing of the Landsat images were conducted using TerrSet Geospatial Monitoring and Modeling System (TGMMS). The raw digital number (DN) values of each band of the images were calibrated and converted to reflectance values, and the bands of the images were also corrected for atmospheric haze with dark object subtraction model in the TGMMS. Figure 5 shows the overall process of generation of land-cover maps for past years. The composite band with combination of red, green and blue colors was created using the multiband of Landsat image for better visualization, which is very useful for making training samples. By using multiband, true color composite or false color composite can be created to represent an image. True color composite gives natural color to image with combination of red-green-blue (RGB) bands 321 in the case of Landsat 5 image and RGB bands 432 in the case of Landsat 8 image. False color composite gives color which is not natural with combination of RGB bands 432 in the case of Landsat 5 image and RGB bands 543 in the case of Landsat 8 image. These combinations of RGB bands in false color composite make vegetation and water in red and blue shades, respectively, which can be useful for the better visualization and identification of land areas and water bodies. In this study, both true color and false color composite images were prepared and used for making training samples. 142 Figure 5 . Process of land-cover maps preparation using satellite based remote sensing images.
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There are normally two methods of image classification, i.e., supervised and unsupervised 144 classification. Supervised classification can generate desired classes of land-cover based on 145 ground-truth data, while unsupervised classification attempts to classify the pixels with the same 146 characteristics based on statistical criteria [21, 22] . In this study, a supervised classification method 147 was used, in which training samples and spectral signatures of known categories, such as urban, 148 croplands, vegetation, forest and others, have to be developed. Then image classification tool in the 149 TGMMS assigns each pixel in the image to the land-cover type to which its signature is most similar.
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The maximum likelihood classification method was used for image classification, which is one of the 151 most effective algorithms for classification of satellite images [23, 24] . The land-cover categories in 152 the basin were classified into seven classes as presented in There are normally two methods of image classification, i.e., supervised and unsupervised classification. Supervised classification can generate desired classes of land-cover based on ground-truth data, while unsupervised classification attempts to classify the pixels with the same characteristics based on statistical criteria [21, 22] . In this study, a supervised classification method was used, in which training samples and spectral signatures of known categories, such as urban, croplands, vegetation, forest and others, have to be developed. Then image classification tool in the TGMMS assigns each pixel in the image to the land-cover type to which its signature is most similar. The maximum likelihood classification method was used for image classification, which is one of the most effective algorithms for classification of satellite images [23, 24] . The land-cover categories in the basin were classified into seven classes as presented in Table 1 . The training samples for each land-cover class for 1996 and 2016 were selected as many as possible throughout the entire image based on composite images as well as google earth images. About 672 training samples (water bodies: 49, wetlands: 70, cropland: 330, built-up areas: 114, vegetation: 58, forest: 22, bare land: 29) were selected for land-cover class for 1996, while about 1128 training samples (water bodies: 99, wetlands: 103, cropland: 552, built-up areas: 245, vegetation: 80, forest: 30, bare land: 19) were selected in the case of 2016 (Table 1) . After making training samples for 1996 and 2016, signature files were created by processing Band 1 to Band 6 using the IDRISI image processing tool in the TGMMS. Then, by using signature files, land cover maps for the years 1996 and 2016 were generated based on maximum likelihood classification method. The generated land-cover maps of 30m spatial resolution were upscaled to 450m spatial resolution, same as spatial resolution of DEM used for hydrological analysis, using ArcGIS 10.3.1 (Esri, Redlands, CA, USA). The generated land-cover maps were compared visually with google earth images. For the fully or partly could coverage areas, generated maps were manually corrected based on Google Earth images using raster editor in ArcGIS 10.3.1 (Redlands, California). Figure 6 shows the generated land cover maps for the years 1996 and 2016. The accuracy assessment of generated land cover maps was also performed by checking random samples of land cover class with google earth images. The overall accuracy and kappa value for 1996 land cover were about 87.3% and 0.806, while they were about 86.5% and 0.801 in the case of 2016 land-cover map. The generated land cover maps for the years Quaternary 2019, 2, 27 6 of 18 1996 and 2016 were in perfect agreement with high value of overall accuracy and kappa value. The land-cover maps show that the cropland and built-up areas were mostly located in the region with 0-50 m altitude and a slope of 0-5 degrees. The vegetation and forest areas were densely located in the region where the altitude is greater than 200 m. The wetlands areas were mostly located in the coastal areas where water covers the land throughout the year because of the effect of sea/tidal level. Bare areas Bare sand/soil 29 19 and a slope of 0-5 degrees. The vegetation and forest areas were densely located in the region where 174 the altitude is greater than 200 m. The wetlands areas were mostly located in the coastal areas where 183 similarity-weighted instance-based machine learning tool (SimWeight) [25] . Six transitions such as Figure 6 . Generated land-cover maps for the years 1996 and 2016. Figure 7 shows the process of land cover change analysis, transition potential analysis and prediction of land cover maps for the future. To predict land cover maps for future years, land cover changes between the years 1996 and 2016 were analyzed using the LCM tool of TGMMS. The potential for land transitions was modeled using transition sub-model of LCM with similarity-weighted instance-based machine learning tool (SimWeight) [25] . Six transitions such as cropland to built-up, cropland to vegetation, vegetation to cropland, vegetation to built-up, vegetation to forest, and forest to vegetation, were considered for potential transition modeling. The changes in water bodies, wetlands and bare areas were neglected for future projection of land-cover maps. The variables such as elevation, slope, aspect, distance from the road, distance from the city centre, and distance from the river as shown in Figure 8 were also considered as static variables in the potential transition modeling. Then, land-cover maps were predicted for years 2018, 2030, 2040 and 2050 based on historical rates of change and the transition potential model. The projected land-cover map for year 2018 was used only for validation of the projected map, and the land-cover maps for years 2030, 2040, and 2050 were used for impact analysis of land cover changes on flooding regime. The land use plan of local governments was not considered in prediction of land-cover maps for future dates, because of limited information and data. The LCM tool of TGMMS can predict a future scenario of land cover for a specified future year based on the historical rates of change and the transition potential modeling [26] . The LCM model determines how the variables influence land cover change in the future, how much land-cover change took place between year 1 and year 2, and then calculate a relative amount of transition to the future year [26] .
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Flood Hazard Assessment and Impact Analysis
Many rainfall-runoff models, such as HEC-HMS [27] , TOPMODEL [28] , Tank model [29] and others, which have been applied for runoff prediction, cannot compute flood inundation. Therefore, the RRI model, developed by Sayama et al. [20] , was employed to simulate flood characteristics such as flood runoff, inundation depth, flood duration and extent areas. The RRI model is also available for free. The RRI model is a two-dimensional hydrological model, which can simulate rainfall-runoff process, infiltration process and flood inundation simultaneously [20] . The RRI model simulates flow characteristics in the slopes and river channels separately. The flow on the slope grid cells is calculated with a two-dimensional diffusive wave model, while the flow on the river channel is calculated with a one-dimensional diffusive wave model. The details on the governing equations of the RRI model can be found in Sayama et al. [20] . The Interferometric Synthetic Aperture Radar (IfSAR) acquired in 2013 was obtained from the National Mapping and Resource Information Authority (NAMRIA) of the Philippines. A DEM of 15 arc-s (approximately 450 m horizontal resolution), derived from the IfSAR, was used in the RRI model simulation. The river width and depth were calculated at each river grid cell using empirical equations [20] . The constant values of the empirical equations were estimated based on measured cross-sectional information and google earth images at several locations. Based on the past dam release discharge data obtained from the Pantabangan and Angat Dam offices, the Pantabangan dam generally stores all the inflow discharges during the flood event, while the Angat dam mostly releases the discharge during a flood event [30] . Therefore, the flood control function of only Pantabangan dam was considered in the analysis. It was assumed that no outflow from the dam was considered until the flood control storage capacity is filled up (flood storage capacity of the Pantabangan dam is about 1018 million m 3 ), and when the flood storage volume of the dam exceeds the capacity, the outflow discharge from the dam was considered to be the same as the inflow discharge. The ground gauge rainfall data at 17 stations were used and Thiessen polygon method was employed for the spatial distribution of rainfall in the basin. The recent largest flood events i.e. 2011 flood and 2015 flood, were selected for model calibration and validation. The parameters of RRI model were calibrated with September 2011 flood event by comparing calculated discharge with observed data. The results of calculated flood inundation depth were also compared with the recorded flood mark data. The calibrated parameters of the model were validated with October 2015 flood event. In general, flood risk assessment is conducted for a specific return period flood event or for the recorded past largest flood event [31] . The target scale of flood risk assessment varies by river according to socio-economic activities, past disasters, and expected damage in the basin [31] . In this study, flood hazard assessment was conducted by using RRI model for 50-and 100-year flood cases using past years land cover data (1996 and 2016) and also using predicted future land-cover maps for 2030, 2040 and 2050. Statistical analysis was conducted using 48-hours maximum annual precipitation to estimate rainfall intensity for different return periods. Spatial and temporal rainfall distribution of September 2011 flood were selected to design rainfall hyetograph for different return periods, and it was estimated by multiplying the rainfall of September 2011 flood event by a rainfall conversion factor. The rainfall conversion factor for each return period can be estimated as the ratio of the corresponding rainfall volume of the return period and the rainfall volume of September 2011 [30, 31] . Flood hazard was simulated using RRI model with rainfall hyetograph of different return periods considering different years land cover map. Table 2 shows the area of each land cover class in 1996, 2016, 2030, 2040, and 2050. In 1996, the study area was largely dominated by croplands (5488.67 km 2 ), about 51.5% of the total area. The built-up areas were about 227.34 km 2 (2.14% of the study area). In 2016, the cropland areas decreased to 5125.07 km 2 (48.14% of the study area) and built-up areas increased to 600.4 km 2 (5.64% of study area). Figure 9 shows the gain/loss area and net change area of land cover between 1996 and 2016. The figure shows that cropland, vegetation and bare areas decreased from 1996 to 2016, while other areas increased. Figure 10 shows the contribution to net change from 1996 to 2016 for each land-cover class and Figure 11 shows the distribution of loss, no change and gain areas in the case of built-up, cropland and vegetation land-cover classes. The results show that areas gain in water bodies were from the forest, vegetation and cropland, particularly in the upstream of dams. The loss areas of water bodies were mainly converted to wetland, particularly in coastal areas. The gain of permanent wetland areas was mainly from the cropland. Some cropland areas were used for fishponds in recent years and also some areas located in coastal areas become wet throughout the year. The contribution to net change in cropland shows that cropland areas were mainly converted to built-up area. The land-cover maps of 1996 and 2016 shows that the built-up areas were scattered in the large areas. However, the areas around San Fernando, Angeles and Cabanatuan were largely urbanized in 2016 compared to the year 1996. The gain of built-up area was mainly from cropland and some from bare areas and vegetation. The croplands areas are mostly located in the low-lying areas where built-up areas can be easily expanded. Vegetation areas were mainly converted to forest areas. The bare areas, particularly which was created by Mt. Pinatubo eruption in 1991, were converted mainly to cropland, built-up and vegetation. Figure 12 shows the projected land-cover map for years 2018, 2030, 2040 and 2050. The projected land-cover map for 2018 was compared visually with Google Earth image of February 2018. The random samples of land-cover class were also generated in Geographic Information System (GIS), and the Keyhole Markup Language (KML) data of random samples were imported into Google Earth for comparison. The overall accuracy and kappa value in the case of projected land cover map of 2018 were about 90.4% and 0.858, which were in perfect agreement. The comparison of past and projected land-cover maps shows that the croplands and vegetation areas are decreasing in trend, while built-up and forest areas are increasing in trend (Table 2, Figure 12 ). The projected maps also show that the built-up areas are largely increasing around San Fernando, Angeles and Cabanatuan as well as along the roads. The comparison of net change of land cover map between 2016 and 2050 shows that cropland areas and vegetation may decrease in 2050 by 11.25% and 9.3%, respectively. The built-up areas and forest areas may increase in 2050 by 93.2% and 10.6%, respectively. Figure 13 shows the comparison of calculated discharge using RRI model at San Isidro station with observed discharge for 2011 flood and 2015 flood events. The 2011 flood event was used for RRI model calibration and the 2015 flood event was used for validation of the calibrated parameters. The land cover map of 2016 was used for both flood event cases for the simplicity. The model parameters were calibrated with 2011 flood using 2016 land cover map; however, the calibrated parameters of the model were also confirmed/validated with 2015 flood event using the same land cover map of 2016. The values of R 2 (squared of correlation coefficient) and Nash Sutcliff Coefficient of Efficiency (NSCE), which are commonly used metrics for evaluation of the model performance in hydrology, were 0.91 and 0.82 in the case of discharge at San Isidro for 2011 flood, while 0.82 and 0.8 for 2015 flood. The calculated discharge at the San Isidro station matches well with the observations indicating high R 2 and NSCE values. The results of calculated flood inundation depth were also compared with recorded flood mark depth at the selected locations as shown in Figure 14 . The red circle points in the Figure 14b show the areas of recorded flood depth greater than 1.01 m [32] . The green rectangle and yellow triangle points in the figure show the areas of recorded flood depth ranges from 0.51-1.0 m and less than 0.5, respectively. The calculated flood extent areas and depth trends are similar to the recorded flood mark data.
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indicating high R and NSCE values. The results of calculated flood inundation depth were also 307 compared with recorded flood mark depth at the selected locations as shown in Figure 14 . The red 308 circle points in the Figure 14 (b) show the areas of recorded flood depth greater than 1.01 m [32] . The The annual maximum 48-hours rainfall of September 2011 flood was about 299.011 mm, and the values of 48-hours rainfall for 50-year flood and 100-year flood based on frequency analysis, were about 330 mm and 369 mm, respectively. The rainfall hyetographs for 50-and 100-year return periods were estimated by multiplying the rainfall pattern of September 2011 flood event by a rainfall conversion factor. Figures 15 and 16 show the calculated flood inundation depth and extent areas with different year land-cover maps (1996, 2016, 2030, 2040, and 2050) in the cases of 50-and 100-year floods, respectively. The results show that flood inundation depth and flood extent areas are increasing in trend in the middle and lower areas of the basin due to land-cover changes, mainly due to rapid urbanization of three main cities such as San Fernando, Angeles and Cabanataun, and also expanding built-up areas along the road networks. The flood inundation depth and flood extent areas may increase in the future due to urbanization activities and conversions of croplands into built-up areas. Urbanization and growing of built-up areas can cause a large amount of pervious areas to change into impervious areas by reducing infiltration rates which results increase in runoff. Figures 17 and 18 show the change in flow discharge with different years land cover at Mayapap, San Isidro, Arayat, and tributary rivers (T1 and T2), respectively (see Figure 2 for the locations of these points). The results show that the river runoff may increase in the future due to land-cover changes and urbanization activities, particularly in the middle and downstream reach of the basin. The changes in the river discharge due to land-cover change are significantly higher at tributaries compared to the main river channel.
the basin. The changes in the river discharge due to land-cover change are significantly higher at 339 tributaries compared to the main river channel. the basin. The changes in the river discharge due to land-cover change are significantly higher at tributaries compared to the main river channel. Figure 19c shows the peak value of flood inundation volume, and the total flood extent areas during the flood event are presented in Figure 19d . The results show that flood inundation volume, peak value of flood volume and flood extent areas may increase in the future due to land-cover changes, particularly due to rapid urbanization of three main cities and expansion of built-up areas along the roads by converting cropland and vegetation areas into built-up areas. The peak value of flood inundation volume and total flood extent areas in the case of using 1996 land-cover map were found to be 1142 million m 3 and 1591 km 2 respectively, while 1265 million m 3 and 1669 km 2 in the case of using 2050 land cover map. The flood impact in the basin may increase in the future due to land cover changes and urbanization activities. The cropland areas and fishpond areas are mostly located in low land areas of the basin, where flood impact might be greater in the future. Figures 19a and 19b show the temporal changes in flood inundation volume and flood extent areas with different year land-cover data in the case of 100-year flood. Figure 19c shows the peak value of flood inundation volume, and the total flood extent areas during the flood event are presented in Figure 19d . The results show that flood inundation volume, peak value of flood volume 
Conclusions
The land-use/land-cover changes and their impact on flood runoff, flood hazards and inundation were analyzed in the Pampanga River basin of the Philippines. The land-use/land-cover changes were analyzed between 1996 and 2016 using Landsat images and image processing tools in GIS, and the land-cover maps for future years were projected. The main changes observed for the time period of 1996-2016 were cropland and built-up areas. The cropland areas in the basin decreased by approximately 358.03 km 2 from 1996 to 2016, and built-up areas increased by approximately 367.3 km 2 . The vegetation areas decreased by approximately 166.32 km 2 and forest areas increased by approximately 203.27 km 2 . The bare land areas also decreased by approximately 154.76 km 2 . The cropland areas in the basin were mainly converted to built-up area, and vegetation areas were mainly converted to the forest area. The bare areas were mainly converted to cropland, built-up and vegetation. The result of land-cover changes between 2016-2050 shows that the crop land area and vegetation may decrease in 2050 by 11.25% and 9.3%. The built-up areas and forest areas may increase in 2050 by 93.2% and 10.6%.
Flood inundation depth and flood extent areas are increasing in trend in the middle and lower areas of the basin due to land-cover changes, which is mainly due to rapid urbanization of three main cities San Fernando, Angeles and Cabanatuan as well as expansion of built-up areas along the road networks. The flood inundation depth and flood extent areas may increase in the future due to urbanization activities and conversions of cropland into built-up areas. The changes in river discharge due to land-cover change are significantly higher at tributaries compared to the main river channel. The flood inundation volume and flood extent areas may also increase in the future. The results obtained in this study can be useful for proper planning and management of land use in the basin, and also it will be useful to reduce the risk of flood in the future. The flood runoff and inundation analysis considering land-cover change provides useful information for better understanding of land-use/land-cover impacts. In this study, land use plan of local government was not considered for projection of land-cover map for future. If such a plan is available, it is recommended to consider it in further study. The variables such as elevation, slope factors, aspect factors, distance from the city, distance from the major road, and distance from the river, were considered as static variables for future projection of land-cover maps. The dynamic changes of such variables, particularly existing the plan of the future expansion of the road, are also recommended to consider in a further study.
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